Introduction
In a critical, honest, and strong review on the value of obesity research within Europe, the European Association for the Study of Obesity's Scientific Advisory Board (EASO-SAB) has shared their thoughts on obesity research that has been performed since the establishment of the Association in 1986 [1] . It is important that scientific associations perform such self-evaluations, in order to put forward future directions of research, and it is to be appreciated that this self-evaluation did not end up as a 'celebration' regarding own performances. Instead, pessimistic readers could detect a rather disappointing view of obesity research, culminating in the observation that not much useful has come out to help halting the obesity epidemic. However, more optimistic readers may conclude that the obesity research in Europe has been doing quite well on multiple aspects of obesity, since research findings have led to new hypotheses and, therefore, more possibilities to combat obesity. The purpose of the EASO-SAB review was to stimulate reflection and to initiate a continuous dialogue with its members. In this commentary, we aim at answering the question 'What is the value of obesity research?', and at discussing 'How to put forward the value of obesity research?' In other words: what can we learn from the way obesity research has been conducted until now, and how are we going to benefit from that knowledge in the near future?
The members of the Board of The Netherlands Association for the Study of Obesity (NASO) have read and discussed the EASO-SAB review [1] with great interest. We forwarded EASO's invitation to respond to the synopsis to our members by e-mail, and obtained responses from members representing various disciplines within obesity research, ranging from genetics and human tissue metabolism to public health and prevention, and from clinicians' to patients' perspectives.
The review by the EASO-SAB confronts us with the fact that what we are studying is much more complex than what we may originally have anticipated. In fact, we have just scratched the surface of the iceberg of useful knowledge. The obesity epidemic has increased more rapidly than research could provide solutions and, at the same time, has generated new problems such as weight cycling instead of primary weight gain [2] and the influence on chronobiology by an altered sleeping pattern [3] .
We discovered two main themes being important for future development of obesity research in order to be relevant for science and society, namely i) a stronger focus on integrated systems thinking and, ii) a more translational approach of obesity research.
Integrated Systems Thinking
There is a need for integrated systems thinking. Obesity is not a single genetic, physiological, behavioural or psychological condition [4, 5] , and thus needs to be addressed and understood as an interaction between all these and several other aspects [6] .
Integrated systems thinking would imply, for example, more attention to what people normally eat and more attention to effects of complete meals, rather than focusing on specific food components [7, 8] . Although the effect of each macronutrient is important, food intake regulation and the physiological response to food intake is based on interaction between different macronutrients and of overall diet quantity as well as quality [9] . Taking the whole system into account would reduce the emphasis on single food components (e.g. glycemic index or cholesterol) which in turn may contribute to a reduction in misleading marketing by the food industry. Integrated systems thinking also implies that a whole range of behavioural and socio-cultural influences on food intake should be accounted for. For example, the influence of meal size on eating behaviour [10] or the role of the socio-cultural environment on what is eaten and why [11] .
The increasing focus on chronic disease management in current practice is in line with the plea for a broader vision and reason to study obesity more in relation to other diseases. We all seem to agree that we want to prevent and treat (the consequences of) obesity, since obesity poses a major impact on our society [12, 13] . It is therefore that at least part of our research should have a broader focus than obesity alone. From obesity physiology, we have learned that many organs play a role in the development of obesity and the detrimental physiological consequences of an excessive fat mass. Rather than prioritizing organs of interest and focussing on just one organ, we may better focus on the clarification of pathophysiologic mechanisms in various organs and inter-organ cross-talk in obesity, and then integrate this knowledge to design intervention strategies to reverse the consequences of obesity at the whole-body level. The focus on inter-organ cross-talk certainly is a promising step forward, as we have learned during the European Congress on Obesity in Istanbul (2011) and as we will experience during the upcoming European Congresses on Obesity in Lyon (2012) and Liverpool (2013). At the genetic level, our focus has to move from a few genetic mechanisms that are uncommon in our human population to mechanistic links between gene polymorphisms and energy balance incorporating the general basis of geneenvironment interactions in our studies [14] . Also here, chances are to be recognized and developed regarding applied systems thinking.
Clinically, in terms of therapeutic progress, we may have to separate control of energy balance from the area of (metabolic) complications of obesity. In particular, it seems a lot more complicated to adjust energy balance than to treat or prevent complications in obese individuals. The SAB report tends to label interventions leading to a weight loss of 3.5-6.0 kg as rather disappointing. Optimistic readers may argue that weight loss of 'only' 3.5 kg in persons with body height of 1.80 m, and weight of 90 kg, already resembles an 'impressive' 28% reduction of this person's overweight. These readers are likely to be correct to be optimistic about such weight losses. It is now commonly accepted that weight loss of about 5% of initial body weight has substantial beneficial metabolic effects [15] [16] [17] [18] [19] . Indeed, in the case of the Diabetes Prevention Program (DPP), weight loss of about 3.5 kg was associated with a 58% reduction in the development of type 2 diabetes [20] .
Also, the distinction between exercise, physical activity and sedentary behaviour hints more towards a sense of integrated systems thinking. We do not fully agree with the authors' statement [1] that an amount of physical activity that would be tolerable and enjoyable would hardly be effective. In this case, it is important to emphasise that physical activity, rather than physical exercise per se, contributes more to total daily energy expenditure. Daily and moderately intense activities contribute more to total energy expenditure than do highly intense activities [21] , and sedentary behaviour should not be confused with low levels of overall activity. Hence, highly prevalent sedentary behaviours, such as TV viewing, may well be able to occur within a physically active life-style [22] , although associations of sedentary behaviour with activity level may differ between countries with different activity levels [23] . We do agree that there is much to learn regarding the optimal conditions to promote exercise and engage people in daily-life physical activities and to reduce sedentary behaviour. Future studies should not only include the impact on body weight as a single issue but also include the impact on related health indicators, multiple physiological pathways and the impact on social indicators, such as 'participation in society' are important topics for future studies.
Perhaps, another example of integrating systems thinking that is discussed in the EASO-SAB report is the role of surgery in obesity research [24, 25] . The assessment of surgical interventions could well reveal causes and consequences of obesity. It may not only be a solution at an individual level (the morbidly obese patient), but can also contribute to our understanding of pathophysiologic mechanisms. This, in turn, would provide valuable new insights that may add to information obtained from epidemiological studies. In addition, the physiological effects of surgery may open alleys for the design of life-style interventions and pharmacological agents to treat obesity and associated metabolic complications.
As discussed in the EASO-SAB report, animal models are potentially important but should be interpreted with caution, which is even more true when considered from a more systems thinking approach. Furthermore, a stronger focus on the consequences of obesity is needed. In fact, human studies provide evidence that physiological processes in animal studies are not always operational in humans [26, 27] . For example, certain interventions may even have completely opposite effects in humans compared with rodents due to differences in physiology and evolutionary adaptation (e.g. different expression of receptor subtypes). The SAB already hinted that there appears to be a mismatch between animal and human research; commonly, animal studies focus on adipose tissue development (on a high-fat diet), whereas in humans the focus is more on already developed tissue (once a person has become obese). A second issue of concern is that obesity in animal models appears to be driven by an overload of energy, not by reduced physical activity levels. On the other hand, adipose tissue research in animals (e.g. fat transplantation experiments) has provided valuable insight into the role of adipose tissue dysfunction, rather than adipose tissue mass per se, in the pathophysiology of obesity-related complications [28] . We know from literature that the consequences of over-feeding differ from those of reduced physical activity levels. Thus, although animal studies certainly provide complementary information, we would strongly recommend further investment in human obesity research. There is broad consensus that obesity is a high-priority public health issue [12, 13] . It is important, therefore, to consider the broad scope of public health itself when thinking about obesity [4] . We need to broaden our thinking and include consideration for the links between obesity and issues such as the impact of globalisation [29] and economic development as well as the impact of modern life-styles on the environment (global warming and food production [30] ), and global social inequalities [31] . Such issues question the foundations of modern society. Research in these areas may well lead to insights on how to motivate individuals and communities. Are there places in the world where social movements are responding to these issues? What are they doing, why, and what are the outcomes? In many places, these concerns are a luxury afforded to those beyond the need to struggle for daily survival. Is it realistic to think that we can bring these issues to people that are struggling to obtain the basic needs to survive? More research into the extent of these interrelationships is needed.
Translational Obesity Research
We appreciate the plea by the EASO-SAB for a more translational approach in obesity research, following a popular stream in public health research [1] . A focus shift should direct obesity research more into the direction of translational research and implementation issues, in order to enhance the applicability of study outcomes and in order to better serve prevention and management efforts with our research [32, 33] . With combined effort from different disciplines within the field of obesity research, the available knowledge may be translated more adequately to enhance the availability of prevention and treatment programmes that are being implemented among a larger part of the population in need and sustained for longer periods of time [34] .
Communities and patients are of extreme importance in prevention and treatment research. Individual responsibility for health behaviour has become increasingly important, a message communicated heavily in 'right-wing' countries. Obviously, patients with overweight and obesity do need help to take their responsibility. We very much support the suggestion [1] that 'research is needed into ways to empower people to engage in activities [34] , and in constructing an environment (physical and socio-cultural) that enables people to make healthy choices and prevents people from being lured into unhealthy behavioural patterns' [35, 36] . Techniques such as shared decision making, may well be of utmost importance in order to give the patients a voice [37] . Likelihood of success is much higher when consensus is based on mutual input. Perhaps these are one of the most crucial issues in obesity treatment to invest in during the next decade.
In order to understand and respond appropriately to the need of society and of policy makers, we should think about questions such as 'What do we consider normal?'. Avoidance of stigmatisation is paramount in our communications; this implies that we should abstain from labelling obesity as a state 'deviant from normal'. Interestingly, even the WHO growth reference curves for children's BMI distribution are skewed to the right [38] , meaning that more children are on the right than on the left end spectrum of the body weight distribution. In fact, due to large changes in society [4, 35] , it becomes increasingly challenging to define the range of a 'normal' BMI. Concurrent to our plea to regard obesity more in relation to other chronic diseases, we may have to shift our reference categories from normal weight to 'non-elevated risk for obesity complications [39, 40] ,' also bearing in mind that about 25% of obese subjects are 'metabolically healthy' [41] . In this respect, existing research and policy principles as DALYs (disability-adjusted life years) and QUALYs (quality-adjusted life years) could well be used as a start.
When communicating with policy makers and the population of interest, we need to be more clear about the consequences of obesity and the different chronic conditions that accumulate in obese persons, most particularly during the last decades of individuals' lifespan [42] [43] [44] . It is important to understand that the impact of obesity differs from the impact of smoking behaviour for instance. While the impact of smoking is explained by increased mortality, the impact of obesity is explained by an increased number of unhealthy life years with chronic diseases and disabilities [13, 44] . This discussion has consequences for our health care system and fiscal policies (like the fat tax on food items; insurance fee for obese subjects etc.). We still have to increase society's and policy makers' knowledge and awareness regarding the importance of obesity.
The EASO-SAB report tends to suggest that, although cognitive models can describe processes, they have failed to achieve change, and the report questions whether behavioural change requires political will rather than more research. The political will required to change the system in which we function so that we are able to collectively achieve behavioural change, is indeed tremendous, but lacking [45] , and undermined by competing interests, including the interest to maintain economies and the current status quo. For example, in the last year the Dutch government rejected a plea for a ban on nutritional marketing towards children, based on evidence that parents have a role in educating health behaviour although there is compelling evidence that marketers' influence on behaviour is much stronger than that of parents [46] . This can be largely explained by the considerable investments by industry, both financially as well as in terms of expertise. Until we are successful in increasing the political will to stimulate health behaviour, we cannot abandon our focus on helping individuals deal with the environment as it is. Continuing research in understanding and guiding behavioural change remains important [34, 36] . Marketing tools derived from industry may provide new tools in seducing the individuals towards behavioural changes [47, 48] .
Enabling and empowering communities and patients to make healthy choices, as important public health issue, is closely linked to the question of whether we need more research or more socio-economic analyses. The answer to this question is, however, not clear cut. A focus on socio-economic analysis implies that we understand the mechanisms underlying the socio-economic differences, which is far from true. During the EASO Prevention Task Force satellite meeting in Stockholm (2010) and EASO's mini-symposium during the ECO 2011, it was concluded that we still need more information regarding the role of socio-economic status (SES) and its interaction with socio-cultural issues in causing obesity [49] . Therefore, it seems that there is another layer of complexity on the SES-obesity issue that we need to further understand.
Continued Importance of the Individual
There is one last question posted in the EASO-SAB report that we would like to respond to, namely the question 'When to intervene? In the early phase of weight gain (an overweight period) or only after frank obesity has developed?' It seems that we need to intervene all along the spectrum of this epidemic, including prevention of overweight/obesity. Thus, while we need to prevent obesity, we should not abandon those that are overweight or obese. Especially in the latter group of subjects, small changes in body weight may have a substantial beneficial impact on health, as discussed before. The establishment of multidisciplinary personalised obesity centres, where subjects receive tailor-made guidance, are needed in order to put forward and further guide obesity research.
When studying applicability of prevention and management efforts, safety issues are very important when evaluating obesity interventions, which especially holds true for phar-macological treatments and surgery. Safety should not only include physical safety but also 'psychological safety.' When studying the effects of swimming, for example, it is important to study whether the reduction of chronic disease risk factors weighs up against the potential risk of being made ridiculous during swimming sessions.
In order to become more successful in halting the obesity epidemic, we need to perform our future studies on implementation and evaluation by making use of a greater interaction with policy makers, health professionals in the field and our target populations in order to reach larger parts of the population in need and in order to improve long-term successes [34, 50] .
Conclusions
We understand well that due to a lack of (financial) resources, choices have to be made regarding funding of obesity research. The EASO-SAB report [1] and this commentary may serve as a basis for such choices. The work of the EASO since 1986 has clearly shown that there is no time for hesitation but it is time for further action. We have to continue with what we have started many years ago and, at the same time, attack new problems and research questions. This should be done within a broader concept, using integrated systems thinking and a more translational approach.
